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The National Academy of Sciences (1) has
concluded that although there is limited sug-
gestive evidence of an association between
paternal exposure to phenoxy herbicides and
spina biﬁda, there is inadequate or insufﬁcient
evidence to determine if an association exists
between paternal exposure to the herbicides
and other adverse reproductive and develop-
mental outcomes such as fetal death. Of par-
ticular interest is the phenoxy herbicide Agent
Orange, a mixture of the herbicides 2,4-D
[(2,4-dichlorophenoxy)acetic acid] and 2,4,5-
T [(2,4,5-trichlorophenoxy)acetic acid].
Agent Orange was widely used as a defoliant
in Vietnam and was contaminated with
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD).
Recently, the U.S. Environmental Protection
Agency produced a draft document assessing
risks to the U.S. general population from
exposure to TCDD and other dioxins in the
general environment (2). 
Most studies of reproductive effects in
humans have been limited to date by small
sample size and insufﬁcient exposure assess-
ment. Studies of fetal loss due to paternal
workplace exposure to Agent Orange and
other chemicals contaminated with TCDD
have reported no association (3–5), and
studies of Vietnam veterans thought to be
exposed to Agent Orange have shown con-
flicting results (6–9). One large study that
estimated exposure by measuring serum
TCDD levels in Vietnam veterans exposed to
Agent Orange found a suggestion of an
increased risk of spontaneous abortion among
the wives or partners of veterans exposed to
low or background level and no increased risk
in the highly exposed group (8). 
A relationship between paternal TCDD
level and lower sex ratio [males/(males +
females)] of their offspring was reported in a
population exposed to TCDD after an indus-
trial accident in Seveso, Italy. The effect was
most pronounced among men who had been
exposed when they were younger than 18
years of age (10,11). However, a change in
sex ratio was not observed among offspring
of men who sprayed Agent Orange and
other dioxin-contaminated herbicides in
Vietnam (12). 
We studied the pregnancy outcomes
among wives of male chemical workers who
were exposed to chemicals contaminated
with TCDD at plants in New Jersey and
Missouri and among nonexposed neighbor-
hood referents that participated in a cross-
sectional medical study. A previous analysis
of the men in this study population found
subtle alterations in male reproductive
gonadotrophin and testosterone levels associ-
ated with TCDD serum levels (13). In the
current study, we examined whether paternal
exposure to TCDD at the time of concep-
tion was associated with spontaneous abor-
tion or altered sex ratio in a highly exposed
population for whom we had serum TCDD
measurements.
Materials and Methods
The current reproductive health study was
executed as part of a cross-sectional medical
study conducted by the National Institute for
Occupational Safety and Health (NIOSH).
The details of the cross-sectional medical
study design have been described previously
(14,15). The medical study, conducted in
1987–1988, examined 281 workers from two
plants. Workers were exposed to TCDD dur-
ing the production of sodium trichlorophe-
nol or one of its derivatives, such as
hexachlorophene [2,2´-methylene-bis-(3,4,6-
trichlorophenol)] or 2,4,5-T, which was used
to formulate Agent Orange. Three hundred
twenty-five referents with no self-reported
occupational exposure to TCDD-contami-
nated substances were selected from the
workers’ neighborhoods at the time of the
study and matched on age (± 5 years), race,
and sex. Information on health status and
risk factors was obtained via questionnaire
and medical examination, which also
included drawing blood for determination of
serum TCDD. The methods of serum collec-
tion, analytical techniques, and quality con-
trol standards of the laboratory analyses have
been presented elsewhere (16–20). Informed
consent was obtained from all study subjects. 
For the reproductive health study,
trained interviewers administered a brief
questionnaire on reproductive history to the
male study subjects, including contact infor-
mation for current and former wives/part-
ners (hereafter referred to as “wives”).
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Articles
There is conﬂicting research regarding an association between fetal death and paternal exposure
to Agent Orange, a phenoxy herbicide widely used in Vietnam that was contaminated with
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). Men who worked in the U.S. factories that pro-
duced Agent Orange were exposed to TCDD at levels hundreds of times higher than TCDD lev-
els in the general population. Wives of TCDD-exposed chemical workers and wives of
nonexposed neighborhood referents were interviewed to determine reproductive history. Paternal
serum TCDD level at time of conception was estimated for each pregnancy using serum samples
taken in 1987. Estimated TCDD levels of workers during or after exposure were high (median,
254 ppt; range, 3–16,340 ppt) compared to referent levels (median, 6 ppt; range, 2–19 ppt). No
association between paternal TCDD level at the time of conception and spontaneous abortion
was observed among pregnancies fathered by workers with TCDD levels of < 20 ppt [odds ratio
(OR) = 0.77; 95% conﬁdence interval (CI), 0.48–1.22], 20 to < 255 ppt (OR = 0.81; 95% CI,
0.40–1.63), 255 to < 1,120, (OR = 0.69; 95% CI, 0.30–1.58), and ≥ 1,120 ppt (OR = 0.95; 95%
CI, 0.42–2.17) compared to pregnancies fathered by referents. The sex ratio [males/(males +
females)] of offspring also did not differ by TCDD exposure (0.53 and 0.54 among workers and
referents, respectively). We did not ﬁnd an association between paternal serum TCDD level and
spontaneous abortion or sex ratio of offspring in this population. The estimated TCDD levels in
this exposed worker population were much higher than in other studies, providing additional evi-
dence that paternal TCDD exposure does not increase the risk of spontaneous abortion at levels
above those observed in the general population. The study could not evaluate the effect of father’s
childhood or prenatal TCDD exposure on subsequent sex ratio. Key words: 2,3,7,8-TCDD,
dioxin, occupation, paternal exposure, serum dioxin levels, sex ratio, spontaneous abortion.
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In-depth telephone interviews with the wives
of the study subjects collected detailed infor-
mation on reproductive history, medical his-
tory, lifestyle factors, and occupational
factors. Data for the 14 women who worked
at the plants and their referents were not
included in the analysis due to the small
number of pregnancies. 
Exposure assessment. For workers, all
pregnancies conceived after the ﬁrst date of
the father’s exposure at the plant were con-
sidered exposed. Dates of employment in
dioxin-related processes deﬁned the exposure
period (21). Pregnancies conceived before
the father’s exposure at the plant were con-
sidered unexposed. For referents, all preg-
nancies were considered unexposed.
For workers, we used company work-
history records and paternal serum TCDD
levels to classify TCDD exposure level for
each pregnancy. The worker’s serum TCDD
level at the time of each conception was esti-
mated using a pharmacokinetic model (22).
The TCDD hepatic elimination rate con-
stant for humans in this model was esti-
mated by Thomaseth and Salvan (23) as
0.022 days–1. The pharmacokinetic model
used to estimate serum TCDD levels at the
time of conception was based on the follow-
ing factors: serum TCDD level at time of
examination, dates of employment in
dioxin-related processes, body mass index
(BMI) measured by NIOSH at the time of
examination, and BMI measured by the
employer during employment. BMI change
over time was modeled as a continuous func-
tion of age (23). We used data for workers
who had both BMI values to create a linear
regression model of BMI change over time
using age at ﬁrst employment, age at exami-
nation, and BMI at examination. This
model was used to derive a BMI value at
time of first employment for those workers
with a missing BMI value (n = 23). 
One advantage of this modeling tech-
nique is that it allowed for changes in indi-
vidual body burden over time. The model
assumes a steady rate of background expo-
sure to TCDD for workers, which was esti-
mated using the measured serum TCDD
values in the referents. We estimated indi-
vidual occupational TCDD exposure rates
for each exposed worker based on their ﬁnal
measured serum TCDD concentration and
their dates of exposure in TCDD-related
processes. It was also assumed that there was
no occupational exposure to TCDD after
termination of work; however, the back-
ground exposure to TCDD was assumed to
continue throughout life. Figure 1 illustrates
the estimated serum TCDD levels over time
for one study subject employed at one of the
study plants. The TCDD levels increase
from ﬁrst exposure to last exposure and then
gradually decline to the level measured at the
examination. The TCDD level at the times
of conception for five pregnancies fathered
by this worker are indicated on the graph.
We did not estimate a TCDD level for preg-
nancies fathered by workers who had a
TCDD level < 10 ppt at the time of the
examination because, at these low levels, it is
unclear whether TCDD serum level at
examination was lower than in the past due
to TCDD elimination over time or higher
due to cumulative background environmen-
tal exposures (n = 44). Instead, we assigned
the TCDD serum value measured at the
time of his examination to these pregnancies.
Pregnancies fathered by workers before
exposure were assumed to have the same
background exposure as the referents and so
were assigned the median referent serum
TCDD level of 6 ppt (21,24). 
TCDD serum measurements were
obtained for a random sample of 79 refer-
ents at examination. Because the referent
TCDD serum level at examination was
assumed to be the cumulative level from life-
time background environmental exposures,
we assigned the TCDD serum value mea-
sured at the time of examination to the preg-
nancies fathered by these referents. For the
remaining referents whose serum TCDD
was not measured, the median referent value
of 6 ppt was assigned (21,24). 
Definition of a study pregnancy.
Information on pregnancies and their out-
comes was obtained by self-report from the
wives of the study subjects. Each singleton
conceptus fathered by a study subject was
classified into three pregnancy outcomes of
interest: spontaneous abortion, stillbirth, and
live birth. A spontaneous abortion was
deﬁned as a pregnancy that was involuntarily
terminated ≤ 20 weeks from the last men-
strual period. A stillbirth was defined as an
infant born after the 20th week of gestation
showing no signs of life. All other pregnancy
outcomes were excluded (ectopic/tubal preg-
nancies, induced abortions, pregnancies that
were current at the time of the interview,
and twin pregnancies). Pregnancies exposed
to contraceptive methods such as birth con-
trol pills, intrauterine devices, or injections
to induce a menstrual period were also
excluded due to the high rate of spontaneous
abortion associated with these factors. In
addition, stillbirths resulting from the
incompatibility of the Rh factor were
excluded (Figure 2).
Statistical analysis. Univariate analyses
using SAS GENMOD with repeated mea-
sures (SAS Institute, Cary, NC) were used to
search for medical, exposure, and lifestyle fac-
tors that could potentially confound multi-
variate analyses. A variable was considered a
potential confounder and retained for further
modeling if it was significantly related to
both TCDD level and pregnancy outcome (p
< 0.25) or changed the odds ratio by more
than 15%. Two main analyses characterized
pregnancies by TCDD level at the time of
conception to assess an exposure–response
relationship. One analysis used the log of
TCDD level and a second compared refer-
ents to categorical TCDD exposure levels
among the workers (< 20 ppt, 20 to < 255
ppt, 255 to < 1,120 ppt, ≥ 1,120 ppt) using
dummy variables. We selected the < 20 ppt
category as the lowest category because all of
the referent serum samples were < 20 ppt.
The pregnancies fathered by workers fell into
the four exposure categories: 20% of preg-
nancies had serum values < 20 ppt; 20% of
pregnancies had serum values ≥ 1,120 ppt;
and the remaining 60% of the pregnancies
were split equally into two categories, 20 to
< 255 ppt and 255 to < 1,120 ppt. The con-
founder assessment was carried out for the
two main analyses: log of TCDD value at
time of conception and categories of TCDD
at time of conception.
Because individual pregnancies of the
same woman cannot be considered indepen-
dent events, we conducted analyses using a
class of generalized estimating equations that
takes into account the correlation of preg-
nancy outcomes for the same woman,
adjusting the odds ratios (ORs) and corre-
sponding standard errors accordingly (25).
The SAS GENMOD procedure for repeated
measures was used to analyze these data.
Sex ratio analysis was limited to live
births and included the 15 twin pairs that
were excluded from the spontaneous abor-
tion analysis. Logistic regression was used to
model the probability of a male birth. We
compared the observed sex ratios of worker
offspring to referent offspring. Two main
analyses characterized each live birth by
dioxin level at the time of conception: the
log of TCDD level and categorical TCDD
levels. We also considered paternal age at
first exposure in evaluating the potential
effect of TCDD exposure on sex ratio.
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Figure 1. Estimated serum TCDD levels for a
worker over time, with exposure periods and ﬁve
pregnancies indicated.
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both analyses for age, education, and race of
both mother and father.
Results
Descriptive information on the study partici-
pants has been reported previously (14,15).
A total of 281 workers (70% of the 400 liv-
ing locatable workers or 48% of the original
cohort) participated in the medical examina-
tion. To obtain 260 neighborhood referents,
it was necessary to invite 938 individuals
from the community to participate (28%)
(15). For this analysis, we included wives of
men for whom we had measured or esti-
mated serum TCDD levels, 259 male work-
ers and 243 male referents. Among living
current and former wives of these men, we
interviewed 245 (77.5%) of the workers’
wives and 215 (73.4%) of the referents’
wives (Figure 2). As expected, response rate
was much higher among current wives
(94.2% among wives of workers and 90.5%
among wives of referents) than among for-
mer wives (45.9% and 29.3% among worker
and referent wives, respectively) due to difﬁ-
culties in locating former wives. To identify
potential exposure differences in nonrespon-
dent and respondent wives of workers, we
compared the TCDD levels at the time of
examination for workers who had at least
one participating wife to the TCDD levels
of workers for whom no wife participated
and found that TCDD levels were similar.
Husbands of nonrespondent wives had a
mean TCDD level of 213.7 ppt (range,
4.6–1593.4 ppt) in 1987, while husbands of
respondent wives had mean TCDD levels of
223.8 ppt (range 2.9–3388.5 ppt).
Among participating women, there were
1,339 eligible pregnancies, 707 pregnancies
to referent wives and 632 pregnancies to
worker wives. Among pregnancies fathered
by the workers, 300 were conceived before
exposure at the study company and 332
were conceived during or after exposure.
Table 1 provides demographic information
on the wives included in the analysis. The
women were mostly white, and  most had
no more than a high school education. The
two groups had similar age at first preg-
nancy. The mean lifetime number of preg-
nancies and mean number of eligible study
pregnancies per woman was also similar for
workers and referents. 
Table 2 provides descriptive data on the
pregnancies included in the analysis.
Referents had a higher crude miscarriage rate
(12.7%) than did workers. Among pregnan-
cies fathered by workers before exposure, the
crude miscarriage rate was only 8.4%.
Among pregnancies fathered by workers
during or after exposure, the crude miscar-
riage rate was 10.7%. The same percentage
of referent and worker wives worked during
their pregnancies. Very few reported work
with chemicals or radiation during the preg-
nancy (between 0.3% and 3.0%). Women
with jobs that involved physical stressors
were more common (between 8.2% and
12.2%). Both groups of women became
pregnant during the same decades. The per-
centage of women who smoked during preg-
nancy was similar in both groups; however,
wives of workers reported that they smoked
more cigarettes per day than did referent
wives. Mother’s alcohol consumption during
pregnancy was lowest (5.0%) for pregnancies
fathered by workers before exposure and
similar among mothers of referent pregnan-
cies (16.7%) and pregnancies fathered by
workers after exposure (19.0%). These dif-
ferences in smoking and alcohol use were
not statistically signiﬁcant. 
The median TCDD value was 6 ppt for
referent fathers (range, 2–19 ppt). Paternal
TCDD level at time of conception was esti-
mated for all pregnancies fathered by workers
during or after exposure at the plant. The
median paternal TCDD level at the time of
conception was 254 ppt for these pregnan-
cies, ranging from 3 to 16,340 ppt (Table 2). 
Many covariates were evaluated for
inclusion in the final model, including
mother’s medication use and medical condi-
tions; mother’s education, age, race, and eth-
nicity; mother’s employment and exposure
to workplace factors such as chemicals, radi-
ation, and physical stressors, as well as ciga-
rette smoking and alcohol consumption; and
whether the father was employed at the
Missouri or New Jersey plant. The potential
confounders that met retention criteria and
were included in the final model were
mother’s age, mother’s Hispanic ethnicity,
and thyroid medication during the first
trimester (Table 3). The analysis showed no
association between paternal TCDD level at
Articles • Spontaneous abortion, sex ratio, and paternal dioxin exposure
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Figure 2. Selection of wives and pregnancies for study. 
*Excluded pregnancies: 15 twin sets; 7 tubal pregnancies; 26 induced abortions; 46 pregnancies exposed to contracep-
tive methods such as birth control pills, intrauterine devices, or injections to induce a menstrual period; 3 Rh factor
incompatibility; 1 pregnant at time of interview.
Referents Workers
Men with TCDD serum
values or estimates
(n = 243)
Living wives
(former and current)
(n = 293)
Wives interviewed
(n = 215; 73.4%)
Wives who had eligible* pregnancies
(n = 220)
Eligible* pregnancies
(n = 707)
Study pregnancies
(n = 707)
Men with TCDD
serum values
(n = 259)
Living wives
(former and current)
(n = 316)
Wives interviewed
(n = 245; 77.5%)
Wives who had eligible* pregnancies
(n = 200)
Eligible* pregnancies
(n = 632)
Study pregnancies
conceived before exposure
(n = 300)
Study pregnancies
conceived during or after exposure
(n = 332)
Table 1. Selected characteristics of referent and worker wives.
Referent wives (n = 220) Worker wives (n = 200)
Education: ≤ high school, n (%) 136 (61.8) 135 (67.5)
Race: Caucasian, n (%) 196 (89.1) 181 (90.5)
Ethnicity: Hispanic, n (%) 5 (2.3) 6 (3.0)
Age at interview, yearsa 52.6 ± 10.8 (25.5–74.6) 50.5 ± 10.3 (26.5–75.3)
Age at ﬁrst pregnancy, yearsa 22.3 ± 4.2 (13.2–38.0) 21.8 ± 4.2 (15.2–38.0)
Lifetime no. of pregnanciesa 3.7 ± 2.0 (1–11) 3.6 ±1.7 (1–9)
Lifetime no. of live birthsa 3.1 ± 1.7 (0–10) 3.1 ± 1.5 (0–9)
No. of eligible pregnanciesa 3.2 ± 1.8 (1–11) 3.2 ± 1.7 (1–9)
aMean ± SD (range).the time of conception and spontaneous
abortion when TCDD levels were modeled
as a continuous variable [OR = 0.97; 95%
conﬁdence interval (CI), 0.88–1.09). When
analyzed categorically, no association was
observed among pregnancies fathered by
workers with TCDD levels of < 20 ppt (OR
= 0.77; 95% CI, 0.48–1.22); 20 to < 255
ppt (OR = 0.81; 95% CI, 0.40–1.63); 255
to < 1,120 ppt (OR = 0.69; 95% CI,
0.30–1.58); and ≥ 1,120 ppt (OR = 0.95;
95% CI, 0.42–2.17) compared to pregnan-
cies fathered by referents (Table 3). 
When all fetal losses, including the 14 still-
births that occurred after 20 weeks of gesta-
tion, were included in the continuous model,
the odds ratio was unchanged (0.97). Separate
analyses of the 85 early (≤ 8 weeks) and 77
late (> 8 weeks) fetal losses showed similar
results (OR = 0.99 and 0.97, respectively).
Because there were some differences
between the wives of workers and referents,
including a somewhat lower spontaneous
abortion rate among workers’ wives before
exposure (Table 2), we conducted an analysis
using the ﬁnal model but limited to pregnan-
cies fathered by workers during or after expo-
sure. This analysis also failed to show a
statistically significant dose–response rela-
tionship, but it did show a slightly increased
odds ratio in the uppermost TCDD category
(OR = 1.36; 95% CI, 0.39–4.81; Table 4).
Some wives in this population could
have been exposed directly to TCDD if their
husbands brought TCDD-contaminated
clothing home while employed at the plant
(take-home exposure). We do not have data
on the potential for take-home exposures to
TCDD. However, those pregnancies that
overlapped the fathers’ dates of exposure at
the plant would be expected to have the
highest potential for take-home exposure.
To examine this possibility, we identified
those pregnancies whose first trimester fell
completely within the fathers’ dates of expo-
sure at the plant. Using the ﬁnal model, we
compared the risk of spontaneous abortion
among these 78 pregnancies to pregnancies
fathered by workers before exposure and
pregnancies fathered by referents before or
during the period that the plants operated.
Overall, no increased risk for spontaneous
abortion was observed (OR = 0.84; Table 5).
Paternal TCDD level at conception is a
measure of cumulative TCDD exposure, but
serum TCDD level could also reflect a
greater potential for bringing contamination
home and thus could be used as a surrogate
for take-home exposure. The 27 pregnancies
with both potential for take-home exposure
and paternal TCDD ≥ 1,120 ppt had an
increased odds ratio with wide confidence
intervals (OR = 1.38; 95% CI, 0.46–4.18;
Table 5).
There were 1,191 live births (544
fathered by workers and 647 fathered by ref-
erents). Sex ratio did not differ by TCDD
exposure (0.53 for all worker births and 0.54
for referent births) or by paternal TCDD
serum level (Table 6). In regression analyses,
only father’s race and mother’s education
met the criteria for inclusion as potential
confounders. This analysis did not show a
trend of lower probability of a male birth
with increasing serum TCDD level. The sex
ratio for the 17% of workers who were ﬁrst
exposed to TCDD before age 20 was not
different from those who were ﬁrst exposed
at age 20 or older (0.59, 95% CI, 0.53–0.66
and 0.56, 95% CI, 0.53–0.59, respectively).
When TCDD level at time of conception
and age at ﬁrst exposure were included in the
same model, no change was observed in the
adjusted odds ratios: < 20 ppt (OR = 1.00);
20 to < 255 ppt (OR = 0.90; 95% CI,
0.43–1.86); 255 to < 1,120 ppt (OR = 0.81;
95% CI, 0.39–1.71); and ≥ 1,120 ppt (OR
= 0.98; 95% CI, 0.43–2.24).
Discussion
TCDD exposure levels in this cohort were
substantially higher than levels reported in
most studies that have been conducted (24).
When extrapolated back to time of concep-
tion, the serum TCDD levels among the
workers ranged from 3 to 16,340 ppt, with a
median level of 2,167 ppt in the highest
exposure group. The Ranch Hand cohort
also extrapolated serum TCDD levels back
to the time of conception and estimated a
range of 0–1,424 ppt with a median TCDD
level of 153 ppt in the highest exposure
group (9). Overall, our analysis did not indi-
cate a trend toward increased risk with
Articles • Schnorr et al.
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Table 3. Spontaneous abortion: adjusted ORs for paternal TCDD serum level and other variables.
No. of spontaneous abortions/
Variable no. of pregnancies OR (95% CI)
Maternal age (years) — 1.06 (1.02–1.09)
Hispanic ethnicity
No 137/1,283 1.00
Yes 6/34 2.30 (0.90–5.89)
Thyroid disease medication
No 138/1,300 1.00
Yes 5/17 4.04  (1.77–9.16)
Pregnancies by log(TCDD level) 143/1,317 0.97 (0.88–1.09)
Paternal TCDD level at conception
Referent pregnancies (< 20 ppt) 84/696 1.00
Worker pregnancies
< 20 ppt 29/344 0.77 (0.48–1.22)
20 to < 255 ppt 11/113  0.81 (0.40–1.63)
255 to < 1,120 ppt  11/98 0.69 (0.30–1.58)
≥ 1,120 ppt 8/66 0.95 (0.42–2.17)
Table 2. Selected characteristics of pregnancies to wives of workers and referents.
Pregnancies fathered by 
Workers Workers during or
Referents before exposure  after exposure
Characteristic (n = 707)a (n = 300) (n = 332)a
No. of miscarriages (≤ 20 weeks) 89 (12.7) 25 (8.4) 35 (10.7)
No. of stillbirths (> 20 weeks) 6 (0.7) 3 (0.9) 4 (1.0)
No. of live births 612 (86.6) 272 (90.7) 293 (88.3)
Mother’s work during pregnancy
No. worked during pregnancy 204 (28.2) 86 (29.0) 94 (28.4)
No. worked with chemicals 15 (2.1) 9 (3.0)  2 (0.6)
No. worked with radiation 3 (0.4) 1 (0.3) 2 (0.6)
No. work involved heavy lifting, continuous  85 (12.2) 30 (10.1) 27 (8.2)
standing, or use of vibrating tools
Alcohol consumption:
> 2 drinks/week in pregnancy 116 (16.7) 15 ( 5.0) 63 (19.0)
Cigarette smoking
Ever in ﬁrst month of pregnancy 179 (25.3)  81 (27.0) 99 (29.8)
First trimester
< 20 cigarettes/day 100 (14.1) 36 (12.0) 36 (10.8)
> 20 cigarettes/day 76 (10.8) 42 (14.0) 57 (17.2)
Mean year of conception (range) 1960 (1935–1987) 1956 (1935–1971) 1966 (1951–1987)
Mother’s age at conception (range) 26.3 (13.2–44.0) 23.4 (15.3–38.0) 27.5 (16.1–43.1)
Median paternal TCDD ppt at conception  6 (2–19) 6b 254 (3–16,340)
(range)
Values shown are number (%) except where indicated.
aPercentages may not be of entire group due to missing information for some ﬁelds. b All before exposure conceptions to
workers were assigned the median referent value of 6 ppt.increasing TCDD level. Separate analyses of
all fetal loss and early or late fetal loss were
not associated with paternal TCDD serum
level. Both the exposed pregnancies and the
unexposed pregnancies had miscarriage rates
that were within the expected range.
We examined other possible explanations
for our ﬁndings. Although our response rate
was acceptable (73.4% and 77.5% among
referents’ and workers’ wives, respectively), it
is possible that this group was not representa-
tive because we only contacted wives of men
who had already agreed to participate in the
cross-sectional medical study. 
The spontaneous abortion rate among
the workers’ wives before exposure was some-
what lower compared to the rates among the
wives of workers after exposure. This could
be due, in part, to younger maternal age dur-
ing the pre-employment period. However,
we did not observe a similar pattern among
referent wives. The spontaneous abortion
rate among referents’ wives in the years
before the date of plant operation was not
different from the rate in the years after the
plants began operation (12.8% vs. 12.5%,
respectively). The women reported informa-
tion on spontaneous abortion, and we were
not able to verify the reports with medical
records. Thus, there is a possibility of differ-
ences in recall between the groups. However,
it seems unlikely that the exposed population
would have poorer recall than the referent
group. It is possible that the groups of wives
differ in ways that we have not been able to
identify by analysis of demographics. When
we restricted analysis to those pregnancies
fathered by workers during or after exposure,
we found higher point estimates than we
found in the unrestricted analysis at each
TCDD level with a slightly increased odds
ratio in the highest TCDD category. This
provides some suggestion that the groups dif-
fered in ways that we could not measure.
The pregnancies in this study occurred
primarily during the 1950s and 1960s, before
early pregnancy tests were available. Thus,
this investigation focused on collection of
data regarding the outcomes of recognized
clinical pregnancies. We could not examine
whether paternal TCDD serum level was
related to early (subclinical) fetal loss. 
Some workers’ wives also had the poten-
tial for direct exposure via take-home conta-
mination from the plant. We had no
measure of take-home contamination, but
analyses of pregnancies whose ﬁrst trimester
fell within the time of father’s exposure at
the plant did not indicate an increased risk
for spontaneous abortion. Pregnancies with
both potential take-home exposure and high
paternal serum TCDD levels (≥ 1,120 ppt)
had the highest odds ratio, but this estimate
is based on a small number of spontaneous
abortions (n = 4).
In summary, we did not ﬁnd an associa-
tion between paternal serum TCDD level
and spontaneous abortion in this popula-
tion. The findings are similar to previous
epidemiologic studies of paternal TCDD
exposure and fetal loss. Because the esti-
mated TCDD levels in this population were
much higher than other studies, the results
provide additional evidence that paternal
TCDD exposure does not increase the risk
of spontaneous abortion at levels above those
observed in the general population.
It has been suggested that exposure to
endocrine-disrupting chemicals may lower
the percentage of male births in exposed
populations. The ﬁndings in this study indi-
cate that sex ratio among offspring is not
markedly affected among adults exposed to
high levels of TCDD. Although these men
were exposed to levels hundreds of times
higher than the general population, their
exposure occurred during adulthood. The
study could not evaluate the effect of father’s
childhood or prenatal TCDD exposure on
subsequent sex ratio.
Suggestive evidence of a relationship
between dioxin exposure and some central
nervous system birth defects has been
observed in other studies (8,26,27). Analyses
of major birth defects and other adverse
pregnancy outcomes, including birth weight,
preterm birth, and reduced fertility in this
population are under way.
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